To explore the population of variable stars that fall between RR Lyrae stars and classical Cepheids, we have obtained extensive photometric observations for 56 stars with periods between 0.6 and 1.0 days. For these stars and an additional 10, we have examined the form and stability of the light curves to explore the variety of types of stars in this period regime. We conclude that the majority of the sample are Bailey type ab RR Lyrae stars. However, a surprising number that possibly exhibit the Blazhko effect are found. There are a half-dozen other stars that do not appear to be in either of these two groups. One is the well-known multimode pulsator AC And. We suggest that two of the others may be anomalous Cepheids and two may be type II Cepheids.
INTRODUCTION
The two most numerous classes of stars in the Cepheid instability strip, RR Lyrae stars and classical Cepheids, have been extensively studied. It can be argued that our understanding of these objects is now quite complete. On the other hand, there is considerable uncertainty surrounding the nature and properties of other instability strip stars. This is clearly the case for stars with periods between the longest period RR Lyrae stars and the shortest period Cepheids. We shall refer to these as intermediate-period Cepheid strip stars. In light of the discussion below and to be sufficiently inclusive, the period range will be taken to be from 0.6 to 3 days.
The General Catalog of Variable Stars (GCVS; Kholopov 1985 Kholopov , 1987 lists only about 960 pulsating stars with periods between 0.6 days and 1 day compared with more than 5600 at shorter periods. Similarly, the GCVS contains about 44 pulsating stars in the range from 1 to 2.5 days compared with more than 650 Cepheid strip stars with longer periods. This relatively small population in the intermediate region simply represents the frequency minimum between two numerous classes of stars. It is also no doubt exaggerated by selection effects against the discovery of stars with periods near 1 day.
The situation with respect to globular cluster stars is somewhat more complex. In intermediate-metallicity, Oosterhoff I clusters, less than 20% of the Bailey type ab RR Lyrae stars have periods longer than 0.6 days (Kukarkin 1975) , a similar proportion to that among field stars. On the other hand, in metal-poor, Oosterhoff II clusters, the proportion often exceeds 60%. The differences between field and cluster stars is a long-standing issue that needs to be addressed.
In addition to RR Lyrae stars and classical Cepheids, it has been suggested that this regime may contain anomalous Cepheids (intermediate-period, Population II variables that are overluminous and probably overmassive, possibly as the result of stellar mergers ; Nemec 1989) , overtone type II Cepheids (post-horizontal-branch stars; Teays & Simon 1985) , first-and second-overtone classical Cepheids (evolved Population I stars; Alcock et al. 1995) , and three types of AHB variables (stars evolving away from the horizontal branch toward the asymptotic giant branch; Diethelm 1990). Layden et al. (1999) have also proposed a subclass of metal-rich RR Lyrae stars with periods between 0.5 and 0.9 days. To add to the confusion, some of these groups overlap, so that a given star might legitimately be a member of more than one of them.
The identification of individual stars with a particular class (i.e., evolutionary history) is sometimes difficult. Thus, Simon & Teays (1982) argued that the sinusoidal light curve of XZ Cet (P = 0.82 days) might be explained by a period resonance among long-period RR Lyrae but later found this unlikely in light of pulsational calculations (Teays & Simon 1985) . They were then unable to choose definitively between the possibilities of its being an overtone type II Cepheid or an anomalous Cepheid. Similarly, Schmidt et al. (1990) found evidence from the Fourier parameters of the light curve that BW Com (P = 0.73 days) was an anomalous Cepheid, but the result was not conclusive. In a recent paper, Alcock et al. (1999) even argued on evolutionary grounds that stars with periods shorter than about 2.5 days are not classical Cepheids at all. They favored classifying these objects as anomalous Cepheids instead. Although their discussion referred specifically to the LMC, the argument could be applied equally well to the Milky Way Cepheids.
It would be of considerable interest to unambiguously identify the types of individual stars in the intermediateperiod range. For example, nearly all known anomalous Cepheids are outside of the Milky Way and are therefore too faint for detailed observational study. Finding more relatively nearby examples would facilitate studies of their properties and evolutionary history. Similarly, a sample of second-overtone classical Cepheids or overtone type II Cepheids would provide insights into mode selection and other remaining questions surrounding these stars. If some stars in this period range are examples of RR Lyrae with unusual pulsational properties, as was initially suggested for XZ Cet (Simon & Teays 1982) , this could be a key to further understanding of the pulsation and interiors of the RR Lyrae stars.
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Stars in intermediate-period range with periods longer than 1 day have been investigated extensively by, e.g., Diethelm (1990) and Sandage, Diethelm, & Tammann (1994) . In this paper, we will begin an exploration of the population of the lower end of the range. To do this, we present 1116 new photometric observations for 56 stars with periods from 0.6 days to 1 day. These new data, together with published photometry for these and 10 other stars, will be used to consider the possible types of stars that inhabit the intermediate-period range. All of the stars considered in this paper, except BL Boo, are field stars. That star was included because of its possibly unique status as a galactic anomalous Cepheid.
2. PHOTOMETRY
New Observations
The observations were made with the CCD photometry system on the Behlen Observatory 0.76 m telescope. The same methods were used for the observations and reductions as described in previous papers (see Schmidt 1991 and references therein) . The new data are listed in Table 1 . For most of the stars discussed here, we have also incorporated earlier photometry (see below). The author will provide complete tabulations of all the data upon request.
Most of the stars were previously included in publications resulting from the Behlen Observatory Variable Star Survey (Loomis, Schmidt, & Simon 1988; Schmidt et al. 1990; Schmidt 1991; Schmidt, Chab, & Reiswig 1995; Schmidt & Seth 1996) . However, there are nine stars for which new observations are presented here but which were not included in our previous publications. For completeness, these stars are listed in Table 2 , along with the various parameters that were provided for the stars in the earlier publications. Column (1) identifies each star by its variable star name. Columns (2)- (5) give information on the comparison stars. In particular, column (2) gives the number of comparison stars in the field of each star, columns (3) and (4) list the standard errors of the mean comparison star V and R magnitudes, and column (5) gives the number of photometric nights included in the comparison star means. Columns (6) and (7) give the intensity mean magnitudes for the variables. The adopted periods are listed in column (8), while column (9) indicates the estimated uncertainties in the periods in units of the last cited decimal place for periods determined from our photometry. The epoch of maximum is given in column (11). The last two columns list the amplitudes in V and R.
The stars discussed in this paper are listed in Table 3 , including both those for which new data were obtained and an additional 10 for which only data from the literature were used. The star is identified in the first column, and its approximate period is given in the second column. The third column gives a reference to the source of published data. The total number of light-curve points is listed in the fourth column, where the number in parentheses is the number of new points added in the present study. The remainder of this table is described below.
For about half of the stars, the periods adopted in the papers referenced in column (3) or in the GCVS produce satisfactory light curves. The exceptions are listed in Table  4 , where we give new periods derived from all the available Behlen Observatory data or in two cases, BL Boo and XZ Cet, data from the literature. The estimated uncertainties in the periods are given in units of the last cited decimal place. The last column indicates whether the period was adjusted by less than 1% (denoted by A) or by more than 1% (S) from the previous value. In two cases, there was no earlier period (N). The light curves for all of the stars in Table 3 are plotted in Figure 1. 
Light-Curve Scatter
Since the discussion below places weight on light-curve stability, we should consider whether the scatter apparent in some of the light curves (those for stars classed as mo and si below) is real. There are two possible sources of spurious scatter, photometric error, and variations in a comparison star.
Photometric errors are generally small compared with the observed scatter. The only star for which there might be a concern on this point is V742 Cyg, the faintest star in our sample. While the formal errors of the photometry are not sufficient to account for the scatter, at faint magnitudes the true uncertainty may be larger. Thus, there is some doubt regarding the reality of the light-curve scatter, which cannot be fully resolved with our existing data. However, since the V and R magnitudes are determined differentially relative to comparison stars on separate CCD frames, their random errors will be uncorrelated. We tested for this by calculating the residuals of the V and R magnitudes from the mean curves. These residuals were found to be correlated with a Pearson correlation coefficient of 0.72. This is an indication that most of the scatter in the light curve is real. More accurate photometry using the new Behlen Observatory CCD Note.- Table 1 is available in its entirety in the electronic edition of the Astronomical Journal. A portion is shown here for guidance regarding its form and content. 
Err. (11) indicates that the adopted period comes from the GCVS, while an '' A '' indicates that the period was adjusted slightly (less than 1%) using the present photometry. An '' N '' means that no period was listed in the GCVS, and the adopted period was determined solely from the present photometry. An '' F '' refers to the period cited by Fitch & Szeidl 1976 .
TABLE 3
Intermediate-Period Cepheid Strip Stars
Ref.
Err.
R 31
Err. will allow confirmation. In the mean time, we will treat the data for V742 Cyg with caution. When there is more than one comparison star in the CCD field, they were checked for stability against each other. Thus, we only need to be concerned about the comparison stars when there is only one. There were seven such cases out of about 20 stars with noticeable light-curve scatter: FW Peg, GH Vir, AG Her, AX Leo, BW Com, UZ Com, and V599 Her. As discussed below, all of these, except BW Com, are candidates for the Blazhko effect, and we plan further observations to confirm this. To verify the constancy of the comparison star for BW Com, GSC 0144-02206 (denoted by C1 here), another star was located (GSC 01444-02004, denoted by C2) that is close enough on the sky to C1 (but not to BW Com itself) to fit in our CCD field and serve as a check star. Frames were taken containing both C1 and C2 on 28 nights. We searched for correlations among the differential colors and magnitudes and for periodicities in them that would indicate variation in C1 rather than BW Com. All of these tests confirmed the stability of C1, and we conclude that the light-curve scatter is intrinsic to BW Com.
LIGHT-CURVE PROPERTIES

Morphology
We examined the light curves visually and divided them into three groups according to appearance. The majority of the light curves exhibit the rapid rise to maximum light and slow decline to minimum typical of Bailey type ab and show little scatter about a mean light curve; these are identified by the letters ab in column (5) of Table 3. Stars that exhibit the ab light-curve shape but have considerable scatter in their light curves (possibly suggestive of modulation by the Blazhko effect) are identified by mo in column (5). The distinction between ab and mo is somewhat arbitrary, in that there is a continuous range in the degree of scatter and that it is affected by the accuracy of the observations. In principle, we could distinguish scatter due to random errors from true light-curve modulation by examining the consistency of observations from the same night. In practice, this was not very helpful given the paucity of multiple observations on a single night at crucial phases. In every case, this test supported the classifications in Table 3 but generally was not decisive. Hence, some of the stars are labeled '' mo:'' to denote uncertainty as to whether they are ab or mo. We have identified nearly sinusoidal light curves, which often show significant scatter by si. Placing a star in this class relied mainly on minimum light occurring near phase 0.5.
We were tempted to subdivide the ab stars further in as much as a few exhibit shoulders or inflections during rising light. Examples of the former include V692 Her (P = 0.737 days), SX Tri (P = 0.743 days), and DR And (P = 0.831 days), while GO Hya (P = 0.636 days) and CV Del (P = 0.739 days) exemplify the latter. However, these deviations in morphology seem minor compared with the distinc- g Data were obtained from Dean et al. 1977 and Simon 1985. tion between the ab and the si stars. Additionally, they are not manifest in the Fourier parameters discussed below.
Fourier Decomposition
Fourier decomposition was performed on the light curves as described in Schmidt et al (1990) . Several of the Fourier parameters are listed in columns (6), (8), and (10) of Table 3 , while the corresponding standard deviations of these quantities are listed in columns (7), (9), and (11). The latter were calculated with the formulas of Petersen (1986) . Fifth-or sixth-order Fourier series fit the data very well for nearly all of the stars. Because of the scatter, stars with mo light curves present difficulties in fitting the Fourier series. However, for all except two of them, GH Vir and BG Eri, there were enough data points to define a reasonable mean light curve, as represented by the tabulated coefficients. Because of the large scatter in the light curve of AC And, higher order fits produced large excursions. Thus, a third-order fit was adopted.
In Figure 2 , we have plotted the Fourier parameters from Table 3 , together with values from Simon & Teays (1982) , for 20 other Bailey type ab stars. The circles and triangles represent the type ab stars from Table 3 and from Simon & Teays, respectively. The crosses represent stars with mo light curves, while the plus signs represent the si light curves. Error bars are shown for the stars from Table 3. Stars that fall well outside of the main distribution of points are identified for reference in the discussion below.
It can be seen that the ab stars occupy a well-defined region in each of the diagrams. The only ab star that falls significantly outside of that region is BK UMa in Figure 2b . An examination of the light curve of this star in Figure 1 shows that, with a more rounded maximum, it does indeed present a somewhat different morphology than other ab stars. However, we have chosen to leave it in that class, since it does show a rapid rise toward maximum and minimum is near phase 0.75.
Most of the Fourier coefficients of the mo stars (crosses in the plots) probably fall within the ab region when the errors are taken into account. We conclude that these stars have an underlying ab light curve. This is supported by an examination of the light curves in Figure 1 .
Stars with light curves classified as '' si '' ( plus signs) fall significantly below the others of similar period in the R 12 and R 13 diagrams. This simply reinforces the visual classification of the light curves as sinusoidal. Figure 2c , on the other hand, shows that 21 is not useful for distinguishing the different types of light curves among intermediateperiod stars.
Light-Curve Stability
An inspection of Figure 1 shows that the large majority of the ab light curves in our sample repeat very well over a number of cycles. However, those in the other two categories exhibit scatter in excess of the errors. In RR Lyrae stars exhibiting the Blazhko effect, both the magnitude at maximum (and sometimes at other phases) and the time of maximum relative to a constant period generally vary over the Blazhko cycle (Tsesevich 1975) . Both effects can give rise to scatter in folded light curves, and it is hard to distinguish between them without inordinate amounts of data. Thus, we will characterize the scatter under both assumptions in anticipation of the possibility that stars will be found that exhibit only one of the two variations.
There is reason to believe that light-curve scatter may, in fact, be a consequence of the interior structure of a star and may thus be a valid diagnostic of stellar type. In highly evolved, low-mass stars, the mass is strongly concentrated in the core. The extended envelope has a small density gradient, which leads to strongly nonadiabatic and nonlinear pulsation. As a result, the light curve does not repeat well from cycle to cycle, and there is increased scatter in folded light curves. Thus, the finding of Balasz-Detre & Detre (1965) , that scatter in the times of maximum light were significantly larger for type II Cepheids than for classical Cepheids, non-Blazhko RR Lyrae stars, and other Cepheid strip stars, can be understood in terms of basic stellar properties.
To characterize the scatter in the light curves in a quantitative manner, we will consider the 10 stars listed in Table 5 that have adequate temporal coverage. a An '' A '' indicates that the period was adjusted slightly (less than 1%) from that adopted previously or that given in the GCVS, while an '' S '' indicates that the adopted period differs significantly from the previous value (more than 1%). An '' N '' means that no period was listed in the GCVS, and the adopted period was determined solely from the present photometry.
We begin by fitting a smooth mean curve to all the photometric data for each star using the cubic B-spline method described by Akerlof et al. (1994) . The simplest way to quantify the scatter is to calculate the rms deviations of individual points from the mean light curve. This essentially assumes that the periods or phases are stable and that the scatter is in the brightness alone. Values of the rms scatter, V , are given in the third column of Table 5 . Naturally, the scatter is smaller for the ab stars than for the mo stars, while the si stars exhibit varying degrees of scatter.
Alternatively, if we assume that the scatter is produced entirely by phase shifts, we can follow Balazs-Detre & Detre (1965) in using the rms scatter of the phase of maximum light around a mean value (denoted here by ). To obtain Table 3 the epochs of maximum, we have used the Hertzsprung method (Hertzsprung 1919) , in which the data points from a restricted time interval are shifted in phase to minimize the rms deviations from the mean curve. We only used intervals containing five or more points that were well distributed in phase. The results are contained in column (4) of Table 5 Note that scatter in the magnitudes will produce scatter in the fitted phase of maximum light, depending on the distribution of the points around the cycle. Similarly, phase shifts will contribute to the scatter, which is calculated in the magnitudes. Thus, in practice, V and are not completely independent and should be considered together.
We have attempted to find periodic behavior in the scatter in the light curves of the si and mo stars listed in Table 5 (except AC And, for which Fitch & Szeidl 1976 demonstrated multiperiodic behavior). In each case, the mean light curves were subtracted from the measured V magnitudes, and the discrete data-corrected Fourier method (Ferraz-Mello 1981) was used to search for periodicities in the residuals. The most significant period found each case was of marginal significance and accounted for no more than about half of the variance in the residuals. We conclude that the scatter in the light curves of these stars is not associated with a second periodicity of any significance. Based on the previous discussion, we will now tentatively separate the stars into groups according to the light curves. We will indicate the likely classification associated with each group, but further investigation is needed to verify them.
The classifications that are proposed are listed in Table 6 , along with the various diagnostics that were used.
Clearly, the majority of the stars are non-Blazhko Bailey type ab RR Lyrae stars. In addition to the morphology of the light curve, these stars are recognized by their location in the Fourier diagrams and by their stable light curves, as indicated by V and . In our sample, the number of these stars rapidly decreases from 33 in the range from 0.6 to 0.7 days to three between 0.8 and 0.9 days and to one with a longer period. This is just the long-period tail of the well-known period distribution for RR Lyrae stars. The stars that we have designated as mo show an ab light curve but lack the stability of the ab group.
Although we do not have sufficient data to study the nature of the modulation of the light curves, it seems likely that most of these stars are affected by the Blazhko effect. In light of a variety of selection effects, our stars can probably not be considered to constitute a randomly drawn sample. Even so, it is worth noting that we may have found 10-15 Blazhko stars (omitting two stars dis- This constitutes 17%-25% of the RR Lyrae stars, which is comparable to the proportion among shorter period RR Lyrae stars (Smith 1995) .
In his compilation of Blazhko stars, Smith lists only four with periods longer than 0.6 days, none in common with our program. Furthermore, the GCVS contains no indication that any of these stars exhibit the Blazhko effect, although five are flagged as having variable periods. Thus, we have potentially increased the number and the proportion of these stars at long period significantly. Further intensive observations are planned to verify the presence of the Blazhko effect and to determine the Blazhko periods. In the meantime, this result suggests that the prevalence of the Blazhko effect may not be as dependent on period as some previous studies have indicated (see, e.g., Gloria 1990 ).
Turning to the si stars, we will not discuss AC And, since its status as a multimode pulsator is well established (Fitch & Szeidl 1976; Cox, King, & Hodson 1978) . Similarly, the status of BL Boo as an anomalous Cepheid is secure given that its luminosity is established by its cluster membership (Zinn & Dahn 1976; Zinn & King 1982) . We note that XZ Cet shares a similar position in the Fourier diagrams with BL Boo and exhibits a similar degree of light-curve stability. Finally, we consider the two longest period stars in our sample, UY CrB and V742 Cyg. Although they have similar light-curve shapes and the Fourier parameters are similar, an inspection of the light curves shows that the scatter for V742 Cyg is considerably larger than for UY CrB. Unfortunately, as discussed above, we cannot conclude definitely that the scatter in the photometry of V742 Cyg is real. In light of this, we suggest that V742 Cyg should be tentatively grouped with DT Gem and BW Com, but a final conclusion must await further photometry. On the other hand, there is no reason to consider UY CrB to be anything other than a type ab RR Lyrae star.
The above discussion is clearly not definitive, and further observations are needed to confirm the status of many of the stars. Additionally, we have not considered whether some of the longer period stars with ab light curves, especially UY CrB, should be associated with Diethelm's (1990) AHB1 class. Further observations are also needed to address this question and the relationship of the RR Lyrae to the AHB1 stars. Further photometry is planned at Behlen Observatory to further clarify these questions. Spectro- This work was supported by the National Science Foundation (NSF) through grants AST 88-15806 and AST 00-97353. The equipment used was funded through NSF grant AST 85-04072. Some of the analysis was carried out using the facilities of the Minnich Astronomical Computing Center, which was established through a donation by Commander Charles B. Minnich. Simon & Teays (1982) , excluding XZ Cet (shown with a plus sign); circles denote stars from Table 3 with ab light curves; plus signs denote stars with si light curves; and crosses denote stars with mo light curves. Error bars from Table 3 are shown. Individual stars that fall outside of the main distributions are identified by letters as follows: '' AB '' refers to AB Uma, '' AC '' to AC And, '' BK '' to BK Boo, '' BL '' to BL Boo (=NGC 5466, V19), '' BW '' to BW Com, '' DT '' to DT Gem, '' XZ '' to XZ Cet, and '' V742 '' to V742 Cyg. a An '' A '' indicates that the coefficients are all in the main group, a '' B '' indicates that R 21 , R 31 , and 21 are all low, and a '' C '' indicates that R 21 and R 31 are low, but 21 is in the main group.
